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Temperature Dependénce'o£ Spontaneous Magnetization in a
Monocrystal of a Manganese Ferrite in the Low Temperature Region

magretization direction EJJJ was parallel to the
2228 of the cylinder. The measurements of the
magnetization were carried out in a solenoid by a
ballistic method. A cryostat (Ref 8) was introduced into
. the solenoid. The magnetization was measured to + 1%
' and the temperature to * 0.5°. Fig 1 shows a plot of
the magnetization (at constant temperature) as a .e
function of the applied field. As can be seen from this
figure, the saturation magnetization is reduced by 1/3
on going from 4.2 to 319°K.. Fig 2 shows a plot of the
spontaneous magnetization az a function of T3/2, The
\ dotted curve represents a plot of the spontaneous
magnetization as a function of T2, It is found that
the former relationship is in better agrcement with . -
experiment. The slope of the straight line in the case
of the T3/2 plot is in good agreement with theoretical
calculations (Ref 3 and 4). It is found that the T3/2 ,
' law holds right up to temperatures above room temperature, .
Card 2/3 which is in accordance with the results of Dyson (Ref 9),

v
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who showed that the spin wave theory leading to the
T3/2 law can be extended to temperatures in the range
‘between absolute zZero and one half of the Curie
temperature, The Curie temPerature for the sample used -
in the present work was 563 K. There are 2 figures and
9 references, 6 of which are Soviet, 2 English and

1 Prench,

ASSOCIATIONiMoskovskiy gosudarstvennyy universitet im M.V.Lomonosova
(Moscow State University imeni M.V.Lomonosov)

-SUBMITTED: July 13, 1959
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'44-,;7?0 (105144, 160) 1
AUTHOKS:;

Belov, K. P., Belov, V., F., Popova, A. A. ._:
TITLE: ~ Single Cf};%als of Magnesium Manganese Ferrite;»With a
' Narrow Ferromagnetic Resonance Absorption Curve

PERIODICAL:  Zhurnal eksperimental 'noy i teoreticheskoy fiziki, 1960,
VOl. 389 NO. 69 pp. 1908 - 1910

TEXT: The present "Letter to the Editor" gives some experimental results
obtajned from some spinel-type ferrites with a narrow 1esonance absorp-
tion line. The line width AH was measured for different magnesium
manganese ferrites with different oxide ratios of Mn and Mg. The singls
crystals studied were bred by the method of Verneuille. The specimens

were spherical in shape with a diameter of 0.68~1 mm; their surfaces were
polished. The measurements were made at a frequency of 9470 Mc/sec. The
results of measurement, namely, the values of AH, of the saturation magne-
tization 4nlg, and of resistivity ¢ are gshown in Table 1. Fig.1 shows the
anisotropy of the line width in the (110) plane of a specimen having the
composition last mentioned in the Table at room temperature (continuous
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Resonance Abgsorption Curve ‘

curve). The anisotropy of AH at room temperature had an amplitude of
(3.5 % 0.5)os. The broken line shows the anisotTopy of the resonance
field Kp. The anisotropy character of AH is in agreecment with the

phenomenological calculations of G. V. Skrotskiy and L. V. Kurbatov
(Ref.5). Fig.2 shows AH, 4nlgy and the constant of magnetic anisotropy
K, as functions of T (in the temperaturs range 0 - 300°C) for a specimen
hAving the composition last mentioned in the Table. There are 2 fig-
~ures, 1 table, and 5 references: 3 goviet and 2 US.

ASSOCIATION: Institut kristallografii Akademil nauk SSSR (Institute of
Crystallography of the Academy of Sciences USSR)

SUBMITTED: " March 18, 1960
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TITLE: Flectrical’/and

M

PERTODICAL:

Yol. 38, No. 6, pp. 1914

TEXT: Some ferrites ghowing a compeziaation point (Qk) (in whish the mag-

Belov, K. P., Goryaga, A. N., Lin' Chzhan-da
—— \

\ R .
Galvanomagnetic Progertie_;;yof Lithium
Ferrite Chromite in the Vicinity of the Compensation Point

Zhurnal eksperimental'ncy i teoreticheskoy fiziki, 1960,

- 1915

netic moments of‘the,.,aubmlattices are in equilibrium) exhibit strongly
anomalous temperature dependence of the spontaneous magnetization,“and

the magnetoatrictive properties above and below

 In gadolynium ferrite garnet,

Ok are largely different.

for example; they are determined below Oy
essentially by the gadolynium sub-lattice,

and above @) by the iron sub-

jattics. Further studies of ths role of sub-lattices in ferrimagnetism

are communicated in this wlLetter to the Editor®

. Flectrical and galvano-

magnetic effects in 1ithium ferrite chromite with a sompensation point

N\
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were measured. Fig.1 ghows the temperature dependence of the longitudinal
galvanomagnetic effect for different magnetis field sirengths for
L120“2.5Fa203°2.50r203a The temperature dependence of the eleatrical re~

sistance was measured for the same ferrits. Fig.2 shews 1038:!‘(1/1‘) for
R . d.c. (Curve 1) and a.c. (200 ke/sec, Curve 2). The temperature dependence v
of magnetization at H=2500e is also plotted. The behavior cf the indivi..
dual curves is discussed. The bend of the curves at Qk is to be attribut-

ed, according to Ye. A. Turov and Yu, P. Irkhin, to the compensation of
the volume fields of the magnetic sub-lattices at Qk. There are 2 fig-

ures and 5 references: 2 Soviet, 2 French, and 1 Belgian.

I ASSOCIATION: Moskovskiy gosudaratvennyy universitet (Mossow Stats
University) :

SUBMITTED: March 29, 1960
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4.7400 (/035,//35;”60) ‘
AUTHORS: » Belov’ K. P', ~P6(_1'k0, A Voo
TITLE: - Anomalies in the Temperature Dependence of Coercive Force
: in Ferrite‘\’_carnets of Rare Earth Elements in the Region of
the Compensation Point = - v1

PERIODICAL: - Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960,
Vol. 39, No. 4(10), pp. 961-964

TEXT: In an earlier work (Ref. 2), the authors found anomalies in the
 temperature dependence of the coercive force H; of ferrite garnets of
- rare earths (3M203.5Fe 03; M ?QEQJ %EL’ Ho, etc.) in the neighborhood of
the compensation po‘int 0y (Ref. 1}. I¥1 the present paper they give a =
* detailed report of their investigations. As is shown in Fig. 1, for
polycrystalline 3Gd203-5F8205 , Hc increases in the neighborhood of 6k

(8 k = 1200) to 100 oersteds, decreases strongly and again increases to
the same value so that the curve H, = £(?) shows a "splitting" of the

card 1/3
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‘Earth Elements in the Region of the
Compensation Point

maximum. The resultant Ig of spontansous magnetization tends to zero at
Qs yet Hy is not vanishing on account of the structural defects of tho

ferrite crystal. Fig. 2 shows that the anomalies continue to exist for
different densities of gadolinium ferrites (3.15 g/em3, 5.9 g/em3), but
become smaller as the density increases. The anomaly ia less affected by
thermal treatment (quenching, 4 hour heating, Fig. 3) than by the change
in density. Fig. 4 shows the curves H; = f(T) for monocrystalline
36d203,5F3205; 3H0203,5Fe205, and 3Er203.,53‘¢3203 (compensation temperatur

‘+16, -1%6, and ~-1959C). Here, the region of snomaly is so small that it

 is hard to observe experimentally tho splitting of the maximum., The

authors assume a single domain structure for which H, ~s E/Ig holds

(K = constant of magnetic anisotropy, Ig = resuliant spontaneous-
magnetization). Since K changes little and Ig decreases rapidly, there
occurs a strong increase of Hg. The authors think that the observed
broadening of the absorption line of ferromagnetic resonance (Ref. 4)

Card 2/3
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is related to the anomalous increase of Hy. They mention a paper of K. M.
‘Bol'shova and T. A. Yelkina (Ref, 3) and thank V. A, Timofeyeva for single
crystals supplied,..There are 4 figures and 4 references: 2 Soviet,
1 French, and 1 British.: - C ‘ :

_ ASSOCIATION: Moskovskiy gosudarstvennyy universitet (Moscow State

University)

SUBMITTED:  May 16, 1960
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Magnotic properties of the lanthanum gnd praseodymium orthoferrites
in the partial sudstitution of the T fons for ALt ions,  Zhvr,
eksp, 1 teor. fiz. 39 nmo.ks 1148-1150 0 *60, (MIRA 13:11)

1, Moskovekiy gosudarstvennyy universitet,
(Rare earth ferrates--Magnetic properties)
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RA 00 (147, 158,16
AUTHORS : Belov, K. P., Malevskaya, L. A., Sokolov, V, I.
TITLE: Resonance and Magnetioc Properties of Garnet-type Yttrium
' . Ferrites at Low Temperatures

PERIODICAL: ‘Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960
- Vol. 39, No. 6(12), pp. 1542-1547 :

TEXT: Thekaufhors invsétigated the temperature dependence of the anisotropy
of the resonance field and the resonance line widths of single- and poly-
crystalline yttrium ferrite specimens (3Y203-5F8203) with garnet struoture

- in the temperature range 2 - 3oo°x. At the same time, line widths and
magnetization curves in static fields were measured on polycrystalline
gpecimens. The ferromagnetic rc¢sonance was investigated at 8500 Mo/sec.
For the temperature measurement, a1 copper conatantan thermocouple was used.
The crystals were grown by V. A, Timofeyeva at the Institut kristallo-
grafii AN SSSR (Institute of Crystallography of the AS USSR). Fig., 3
shows the measured temperature darendence of ihe resonance field for poly-
erystalline (1).and monoorystalline speoimens (2). The results obiained

- Card 1/§ .
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type Yttrium Ferrites at Low Temperatures BO06/B056

by measuring the resonance field strength in dependence of the direction
"relative to the crystallographic axes in the (110-plane (in which all

main axes were located) are for T = 300, 77, 20, and 2.0°K in the four
diagrams shown in Fig. 2. Measurements of the temperature dependence of

the ferromagnetic regonance absorption line widths showed that the ferro-
magnetic resonance absorpt;pn in yttrium ferrite garnets shows practically
no anisotropy, not only af room temperature, but algo at helium temperatunres
The line width AH inoreases with decreasing ‘cempegature, vhere single crya-
tals between 20 and 40°KAhave'ateep maxima. At 40°K the line width is more
than 15 times as great as at roonm temperature. Polyerystalline specimens
have a much lower and broader maximum (4 - 60°K). The results obtained

are compared with those obtained by Dillon, Spencer, Kittel et al, 4s &
measurement of the static magnetization curves showed, magnetic viscosity

is large in the temperature range of the line width wixima. The authors
thank Professor A. I. Shal'nikov for his interest and advige and V. A,
Timofeyeva for placing single orystels at their disposal. There are -

6 figures, 1 table, and 4 references: 1 Soviet and 3 US,

ASSOCIATION:  Moskovskiy gosudaratvennyy universitet (Moacow Stdte Uni-
' versity) : ’
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AUTHORS: Belov, K. P., Pakhomov, A. S., and Talalayeva, Ye. V.

 DITLE: *  Measurement of the galvanomagnetic effect in ferrites
near Curie point :

PERIODICAL:  Fizika tverdogo tela, v. 3, mno. 2, 1961, 436-440

TPEXT: When measuring the galvanomagnetic effect, the magnetostriction,

and other phenomena, it is necessary to take the effect produced by
magnetocaloric effect occurring in the adiabatic application of the

magnetic field in the ferromagnetic specimen into account. For the

purpose of excluding the error arising by this effect (which becomes
considerable near Curie point), measurements are not carried out immediate-
ly after the application of the field (adiabatic measurement), but only

some time later, when the temperature equilibrium between specimen and

the surrounding medium has been established (isothermal measurement). \/ v
Whereas in metallic ferromagnetiss the isothermal conditions are easily UX;
realizable, this presents difficulties in the case of ferromagnetic
gemiconductors because of their low thermal conductivity, and when

Card 1/4

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7

20120

: s/181/61/003/002/018/050
Measurement of the galvanomagnetic ... : B102/B204

measuring the galvanomagnetic effect, considerable errors may arise. In
the present paper, the conditions occurring in the measurement of the
galvanomagnetic effect are investigated, above all the effect produced by
the adiabatic temperature increase occurring when applying the field.

K. Zaveta assumed that the maximum of the galvanomagnetic effect of the
paraprocess near Curie point, which the authors discovered in ferrites, is
exclusively a consequence of the effect produced by a magnetocaloric effect.
It is now shown that the conclusions drawn by Zavete are incorrect. The
paper by Zaveta (FTT, 2, 106, 1960) is first discussed in detail., For the
change in state due to applying the field, Zaveta gave the following

formula: AR/R = aH2/3 + bH; here the first term makes the contribution
of the "true" galvanomagnetic effeot, and the second makes the contribution
of the "wrong" galvanomagnetic effect. This formula is, however, wrong,

and it ought to read: AR/R = 8H2/5 + b‘Hz/j, because all even effects

near the Curie point depend in the same manner on H (viz. ~ 2/3).
From this wrong formula there result also the wrong conclusions drawn
by Zaveta. For the purpose of being able to estimate the effect

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"
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prdducgd by the magnetocaloric effect, it is necessary to compare a and b'.
The sum of the coefficients }a«;—b‘) may be determined from the

measurements of AR/R = f(H2 3). b' (which Zavets calls b), is proved
to be wrongly determined by Zaveta. The method he used is not at all

suited for determining b'. Here, the equations AT = - I (8 Am
CH oT H

‘and OR/R = —E.A'.I‘/kéa are used for calculating ths ngrong" galvano-
magnetic effect. Herefrom, (OR/R)p g = c_;?é E'%) AH is obtained
q .

for the Curie point. (o - specific magnetization). For Mn ferrite single
crystals thus (!.\R/R)e - -6.9+10"% results from experimentel -
" determinations of the individual quantities (data obtained by other

authors) and (AR/R), = -44.2-10"% is obtained from the authors' own
data. Thus, the "wrong" effect is smaller by a multiple, than the /

ntrue" effect. The "magnetocaloric" temperature increase AT at
curie point is found to be 0.079C and causes a change of 8.3% of the

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"
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maximum resistance change AR, It follows herefrom that the maximum of

the true galvanomagnetic effect of the paraprocess at Curie point

aotually exists and is not only due to an "adiabatic" increase of
resistasice. The existence of this maximum is proven also by the .
existence of breaks in the log Lg(1/T)-curVes in the Curie point of these
ferrites. It may occur only in such ferrites as have a low activation ‘4/

energy €. M. A. Krivoglaz and S. 4. Rybak are mentioned. There are
7. Soviet-bloc references;

ASSOCIATION:  Moskovakiy gosudarstvennyy universitet im. M. V,

Lomonosova, Fizicheskiy fakul'tet (Moscow State University
imeni M. V. Lomonosov, Division of Physics)

SUBMITTED: May 10, 1960
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AUTHORS:  Belov, K. P, and Belov V. F. ,
TITLE: The problem of the anomalous inorease of the line width of

ferromagnetic absorption in ferrites near the Curie point
PERIODICAL: Fizika tverdogo tela, v. 3, no. 5, 1961, 1425 - 1427

PEXTs Reference is made to the fact that there is not only an anomalous
increase gH of the width of the ferromagnetic resonance line near the
Curie point, but also an increase of the coercive force H in poly-

orystals as well as in single orystals. It ie ooncluded that both the
phenomena are caused by the ‘inhomogeneity of the ferrite structure rather

than by the heat fluctuations of the simultaneous magnetization. Experi-

ments were made on single orystals of Mn and Mg-Mn ferrites 50 - 69 mm JL '
long and having diameters of 5 ~ 7 mm. The temperasture dependence of Hc

near the Curie point and the initial magnetic permeability w, (in a field
of 0,005 oersted) were measured with an astatic magnetometer. The tem-

L Cé.rd 1/9-\
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perature dependence of pAH was measured in a short circuited waveguide
section at a sphere, 0.8 o in diameter cut out of ferrite crystals. The

~results for ferrite withfdifferent hausmannite content are shown graphi-
¢ally. It is concluded’that the.broadening of aAH and the incresse of B,

have the same origin._g" On aocouﬂ of the inhomogeneities of the ferrite

there ocour fluctuations. in thé spontaneous magnetization near the Curie

point, giving rise to a "magnétioa.lly heterogeneous” state. This causes
scattering of the resonance frequencies near the Curie point. 'A.A. Popova

is thanked for making available the ferrite single corystal. An analogous

study made by A. Clogston (see below) is'mentioned. There are 4 figures

and 6 referencess 5 Soviet-bloc and 3 non-Soviet-blooc. The 3 references

to English-lenguage publications read as follows: G. Rodrigue, J. Pippin, o
W. Wolf and C. Hogan, Trangs.IRE an Miorowave Theory Tech. MTT, 6, 83, . | -
19585 P. -G. de Gennes, C. Kittel ard A, Portis, Phys. Ref., 11§, 2, 1959; :
A. 'leogston, H. Suhl, P. Anderson, L. Walker, Phys. Chenm. Solids, 1, 159,

1956. :

ASSOOIATION: Institut kristallografii AN SSSR, Moskva (Institute of
Crystallography, AS USSR, Mosocow) '
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AUTHORS: Belov, K. P., and Svirina, Ye. P.
_ o

TITLE: Hall effect in monocrystalline manganese ferrites

PERIODICALs Fizika tverdogo tels, v. 3, mo. 8, 1961, 2495 - 2497

TEXT: The changes of the number of carriers and of their mobility in
monoorystalline manganese ferrites are studied.as functions of temperature
and composition. The orystals were grown by Verneuil's method and displayed
an excess of hausmannite as compared to the stoichiometric oomposition.
Experiments showed that the Hall constant R, (for this classical determina-
tion of Ro in ferromagnetic substances see Ref. 31 K. P. Belov, Ye. P.

Svirina, ZhETF, 37, 1212, 1959) was negative for the ferrites examined by
the authors. The carrier concentration wags caleculated from Ro - r/ne,

- where y*1 is a cons'int characteristio of electron scattering in the semi-
conductor. Measurements in monocrystalline manganese ferrites revealed
that the number of conduction eleotrons rises with rising temperature. 1n
n is a linear function of 1/’1‘, and the activation energy of conduction

Card 1/2
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electrons is determined from its slope. From the 1n n = £(1/7) curves

it follows that monoorystalline manganese ferrites with an sxcess of
hausmannite are typical semiconductors. Substitution of Fe ions by Mn ione,
leads to an increase of activation energy and to a decrease of - the number
of eleotrons, which in turn results in a decrease in resistivity. The fact
that the mobility decreases with inoreesing temperature indicates that an
electron exchange between ions of.variable valencies, as assumed by E. .
Verwey and J. de Boer (Ref. 61 Reo. Trav. Chim. Pays. Boc., 55, 531, 1952)
is not predominant in the conduction mechardsm of the ferrites studied. The
decrease of mobility with rising temperature showe that oconduotion eleatram
are predominantly soattered by lattice vibrations., A. A. Popov is thanked
for having supplied the single orystals, and V. L. Boneh-Bruyevich, Doctor
of Physiocal and Mathematical Soiences, for discussions. There are 2
figures and 6 referencest 3 Soviet-blooc end 3 non-Soviet-bloe.

ASSOCIATION: Moskovskly gosudarsivennyy universitet im. M. V. Lomonosova
(Moscow State University imeni M., V. Lomonosov)

'SUBMITTED:  April 5, 1961 -
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AUTHORS 3 W Belov, V.F., Malevskaya: L.Ae:
i oy A-Veo and Sokolov, V.le. :

TITLE concerning the anomalous temperature dependence of
» _ the width of the ferromagnetic resonance absorption
lines in ferrites :

PERIODICAL: Fizika metallov i metallovedeniye, v.12, no.5; 1961,
© 636-643 - ‘ ,

TEXT: An investigation was made of the temperature
dependence of the width of the ferromagnetic resonance absorption
lines in ferrites with spinel and garnat structure {mono- and
polycrystalline) in three temperature regionsi near the Curie
point, i the neighbourhood of the magnetic compensation point,
and in the low temperature region. At the same time measurements
were made of the temperature etic characteristics
in static magnetic fields. _ ;erystalline
magnesium—manganese ferrite_(6°9% Fe203)
the width of th e absorption line increases
rapidly at about 550 For polycrystalline yttrium ferrite OH

card 1/ 3
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remains fairly constant up to a temperature of about 560 °K at

which a sharp increase again occursj in the case of lower density :
ferrites of the same composition (\H is much greater at low .
temperatures but falls to approximately the same value as for the V(
higher density ferrite at 560 °K. In the case of the ,
monocrystalline ferrite (2.2% Mg0O, 54% Mno, 43.6% Fep03) there-is

a very sudden increase in {@H and also the coercive force Hg

at the Curie point ~412 9K, For the garnet-gadolinium oxide

ferrite AH and H; show a rapid increase at ~270 oK.

At low temperatures the ratio AH/LHg where (;HK is the line
width at room temperature is given for the case of the garnet-

. yttrium ferrite; a marked maximum occurs about 4o °K for thse
monocrystalline form and at about 10 °K for the polycrystalline

form, It is demonstrated that the effect of small amounts of

terbia produces a very marked effect on the temperature dependencs

of AH/AHg for Y203. The temperature dependence of the

magnetisation and coercive force in weak fields for garnet-

gadolinium ferrite at low temperatures is also investigated,

In the garnet-gadolinium ferrite there are the following types of

Card 2/ 3

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7

32650
S/126/61/012/005/002/028
E039/E135

Cbncerning the anomalous ...

interaction between ions; 3 3
a) Strong negative interacticn between ions Fe t-re’”t.

a3t -ga’*,

b) Weak positive interaction between ions G
' 3v 134

~Gd

G.V. Skrotskiy and L.V. Kurbatov are mentioned in the article.

There are 10 figures and 15 references: 9 Soviet-bloc and 6 non-

Soviet-bloc., The English language references read as follows

Ref. 33 R. De Gennes, C, Kittel, A. Portis, '
Phys. Rev,, 1959, v,116, 323,

Ref.10: A. Kip. Rev. Mod, Phys,, 1953, v,25, 229, 7,

Fef.1ll; B. Calhoun, J. Overmeyer, W. Smith,

: Phys. Rev,, 1957, v.107, 993.

Ref.13: J. Dillon, Phys, Rev,, 1958, v.1l1l1, 6.

ASSOCIATION: Institut krlétallografii AN SSSR
© (Institute of Crystallography, AS USSR)
: Fizicheskiy fakulttet MGU
Card 3/3 ~ (Faculty of Physics, MGU)
SUBMITTED: January 2, 1961

¢) Weak negative interactions between ions Fe
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AUTHOR: Belov, K. P.
.‘-_—-—_'-______
TITLE: The effect of the magnetic sublattice structure of ferrites

on their physical p:opertiee

PERIODICAL: Akademiya nauk SSSR, Izvestiya. Seriya fizicheskaya, V. 25,

TEXT: It is well established that the gtructure of ferrites exhibils

magnetic sublattices. When a composition has what is known asa qompensation )
point @,, the sublattices not only cause the magnetic characteristics to N
behave peculiarly around 9¢, but also, at low temperatures anomalies in

physical properties. The suthor studied the low-temperature anomalies of

ferrites having a compensation point. The behavior of such ferrites in the

range of nitrogen temperature was found to be similar to that at the ferro- i
magnetic Curie point. To explain the reasons of the anomalies the garnet-

type ferrite {Gd%‘}(l‘e?) \.Fez'f]on is considered. This ferrite may be
regarded as consisting of two sublattices. In order %o gtudy the iron ¢

Card 1/@ . S
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sublattice separately from the gadolinium sublattice one has to substitute

the ,‘G5+ ions by nonmagnetic ions, e.g., Y-5+ or -Lu§+a Where %he temperature .

. dependence of the spontaneous magnetization of such a ferrite, for
//' instance yttrium ferrite garnet, is known one may estimate the temperature
: dependence of the spontaneous magnecization of the gadolinium sublattice
by comparing the gadolinium ferrite curves with the corresponding curves
of the iron sublattice in, say, the yttrium ferrite. The anomalies of the \X
gadolinium ferrite near 100°K are due to the fact that the weuak positive
interaction in the gadolinium sublattice ceases at low temperatures leaving

only the negative Gds+-Fe5+ exchange interaction. ULithium ferrite .
chromites with a Oy exhibit the same behavior. The ircn sublattice shows
the normal Weissian temperature dependence of spontanecus magnetization.
. ~ Owing to the different exchange interactions of the sublattices, ths

o physical properties of a ferrite are different above and below O and show
strong anomalies near Oy (Fig. 6). The appearance of a @, at low tempera-
tures is due 1o the sublattices. The sublattice with the greater magnetic
moment (virtually, at 0°K) and weak exchange interaction shows no sharp
time dependence of spontaneous magnetization, the cne with the smaller

Card 2/4g
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‘magnetic ‘moment shows a weaker exchange 1nteract10n and a Weissian shaped
spontaneous-magnetization curve. . This paper was read at the Conference
on ferromagnetism and antlferromagnetism in Leningrad, lay 5-11, 1961.
Mention is made of A. N. Goryaga, Lin Chang-ta (2h. eksperim. i teor.
fiz., 41, 696 {(1961)) and L. A. Malevskaya (see Association entry). There
are 7 figurea and 4- references., 3 Soviet and . 1 non-Soviet.

ASSOCIATION: Fizicheskly fakul'tet Moskovskogo §os. universiteta im.
S M. 'V. Lomonosova (Department of Physics of Moscow State
University imeni M. V. Lomonosov)

Fig. 6. Anomaly of physical properties of gadolinium ferrite-garnet at
low temperatures and near 6 ¢’ Legend. QK stands for 9 s. Xn - paraprocessf.
susceptibility, .X- magnetic susceptibilitj, - coercive force, AH -

'. : _'width of the ferromagnetic resonance absorption curve, g, - spontaneocus-

‘ma.gneti%ation, E - Young 8 modnlus, Q. -1 “internal friction, (1) E,
~ dynefemc. . o SR Lo S
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AUTORS: Belov, K. P., and Malevskays, L. A.
,.—-—-"‘_—‘-_ B
TITLE: Magnetic and resonance properties of yttrium ferrite garnets

when substituting Tb>*, Nd3+, and Lu3* ions for Y3+ ions
s

PERTIODICAL: Akademiya nauk SSSR. Iz',ve:st.viyao Seriya fizicheskaya, v. 25, -
© mo. 11, 1961, 1371 « 1375

TEXT: The authors studied the effeci of the magnetic sublattice structure .
upon the magnetic properties of ferrites. For this purpose; they examined

the magnetic and resonance properties of yttrium ferrite garnets, in which

the yttrium ions were replaced partly or entirely by terbium, neodymium; or
lugtecium ions. The spontaneous magnetization of the ferrite garnets . : »
(5~x)Y205abe203c5Fe2O5, is shown in Fig. 1 as a function of temperature. /X(/

As may be seen (curves 1 and 2), these curves are abnormal. If the Tb
‘content is increased, a compensation point of the magnetic moments of the
sublattices appears (curve‘}). According to a calculation by Néel's scheme,
this point should be near O°K. Rare-earth impurities are probably respon-
sible for its shift to 109K, On further increase of the Tb content, the
Card 1/0
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compensation point is further shifted to higher temperatures (curve 4).

At low temperatures, a sharp increase of the coercive force Hqe is observsad
as the Tb content rises. The vicinity of the compensation point is supposed
to be the cause of this. J. Dillon (Phys. Rev., 111, 6 (!958‘) and the
authors (Zh. eksperim. 1 teoret. fiz., 40, no. 2, 711 {1961)) showed both
experimentally and theoretically that the resonance line width OH passes
through a maximum when minute Tb amounts are added to the ferrite, With an
increase of the Tb content, the temperature anomaly of AH widens as a
function of temperature. At verylow temperatures (29K), AH is not diminished,
This is explained by the fact thav at low temperatures the AH broadening s
caused not only by the Kittel-Dillon mechanism but also by the heierogeneous
. magnetic state due to the vicinity of the compensation point. The pnlycry~
stalline Y- Nd ferrites (Bvx)Y 3 *xNd O 5Fe203 were of garnet structure

‘with x £ 2. The lattice periods of these garnets increased with 1ncreaszng

Nd content, from 12.37 & (3Y,0,-5Fe 0 5) to 12,50 bt (Y,05°2¥d,0,5Fe,0,),

Vhen Y5 ions were comp‘etely replaced byl‘m.3 ions, the resulting spesimens
had a perovskite structure, In agreement with Néel, the magnetic moments of
ferrite garnets at absolute zeroc were found to be 6 = 06’ (66’ 46‘“ §C+ 63
Card 2/? :
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and ' are the magnetic moments of the sublattices. Near absolute zero,

saturation magnetization divergéd from the values calculated by Néel. Thisis
explained in that the magnetic moments of Nd3* ions do not attain any
ferromagnetic order in the sublattices, as exchange interaction is insuf-

ficient. In the ferrites (3-)‘(),’[203'xLu205-5Fe2 3; the magnetic moments did

- not change with x. The weak change of the Curie temperature (v10°) ob-
"-served may be due to the change of lattice parameters. . Structural inhomo-
geneities arise due to the smaller radius oi Lu ions, and in their turn .
give rise to magnetic inhomogeneities. 1In these ferrite :ystems magnetic

‘viscosity effects have been discovered: ~Y-Tb ferrites: . .;-60°K~, 10 oe,
relaxation time of magnetization response:- 5.- 10 min. Y-Nd ferrites:
4.29K, 4000 oe, 30 - 40 min. Y-Lu ferrites: viscosity at 4.2°K, due to
structure. There are 4 figures and 8 references: - 3 Soviet and 5 non-
-Soviet. The three most recent references to 3nglish-language publications
rend as follows: Kitvel C., Portis A., de Gennes P., Phys. Rev., 116,

no. 2, 323, (1952); - Dillon J., Phys. Rev., 111, 6 (1958); White R., J.
Appl. Phys., 32, 1178 (1961). -
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AUTHORS! _ Belov, K.-P., Levitin, R. 2., and Nikitin, S. A.

TITLE: : Magnetoelastic'propertiea of terbium and holmium

PERIODICAL: Akademiya nﬁuk SSSRq Izvestiya. Seriya fizicheskaya, ¥v. 25,
: no. 11, 1961, 1382 - 1384 ,

TEXT: The temperature dependences of the magnetic properties of Dy, Tb, Tu,
Er, and Gd have & complex character. While being ferromagnetic at low '
temperatures, they pass OVer, at a specific temperature @,,ito the anti-
ferromagnetic state with the Curie temperature Q2. The antiferromagnetic

state bvetwsen 91 and B, can be easily destroyed by an outer magnetic field.

For Tb 01 - 223% and‘929:234°K°,rThé antiferromagnetic is destroyed by a t></

" field of about 200 cersteds. Belo¥w 230°K the modulus of elasticitg E dis-
plays a strong anomaly and the inner friction has a maximum at 223°K
(Fig. 1), At the temperatures 92 and 61 this anomaly passes through a’

maximum and a minimum, respectively. Longitudinal and transverse magneto-
striction of Tb were measured at different temperatures as & function of the
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field strength Cbs?50v10'6 at 15 koe). The temperature dependence of the
modulus 8f elasticity and of internal friction of Ho was examined near
6, = 196 K only (Fig. 3). The shear modulus, too, is anomalous in Ho.

This proves that not only a pure bulk deformation occurs with the 92

transition. As for Dy, it is known that below 92 the axial ratio of the

unit cell changes l‘~‘f’1000»10"6 at 15 koe. Neutron diffraction studies
showed that Dy in the antiferromagnetic range (above 91) has a so-called

helicoidal spin structure: .the spins are helicoidally arranged in the
lattice, It is believed that other rare-earth metals; particularly Ho and
Tt, also possess this spin structure. There are 3 figures and 6 references:
3 Scviet and 3 non-Soviet. The three references to English-language
"publications read as follows:  Thoburn W.; Legvold S,, Spedding F., Phys.

- - Reve, 112, 56 (1958);" Bpmister;I;:RQ,VLeguold~So,‘Spedding F., Phys. Rev.,

94, 1140 (1954); Koehler W., Wollan E., Lecture delivered at a seminary on
- rare earths elements, US4, California, October 1960. -

ASSOCTIATIOR: Fizicheskiy fakul'tet Moskovskogo gos. uni‘«'eresit:e’_ca'im° M. V.
Lomonosova (Physics Division of Moscow State University imeni
M. V. Lomonosov) :
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AUTHORS: Belov, K. P., Zaytseva, M. A., Kadomtseva, A. M., and
Timofeyeva, V. A.
TITLE: ‘Magnetic anisotropy and hysteresis properties of rare-earth

‘orthoferrites

PERIODICAL:  Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, v. 25,
: no. 11, 1961, 1389-1392 ' '

TEXT: Magnetic anisotropy was examined on single crystals of La, Pr, Nd,

Sm, Eu, G6d, and Yb orthoferrites. The crystals were grown by spontaneous

crystallization from their solution in a melt of lead compounds, lead

- oxide, and lead fluoride. The torque of the resulting crystals as a func-

tion of their angle o rotation with respect to an external magnetic field
of up to 20 koe was measured with an anisometer. The torque curves drawn

at room temperature resembled one another in the examined single crystals,
and showed that the orientation of the magnetic moment in the axis of
easiest magnetization is very stable against rotation of the outer field.
This points to an exceedingly strong magnetic anisotropy of these

Card 1/5

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"



"APPROVED FOR RELEASE: 06/06/2000

CIA-RDP86-00513R000204510002-7

Magnetic anisotropy and ...

orthoferrites. If the temperature is inc
anisotropy of weak ferromagnetism is virt
characteristic phenomena of hysteresis an
appearing in rare-earth orthoferrites can
magnetic anisotropy., Thermal remanencs P
polycrystallire La, Pr, and Yb orthosilic
Zoytseva, M. A, ifadontseva, A. .y Zh. ek
{1252); Ref. 6: Watanabe, H. J. Phys. §o
liagnetization curves and hysteresis loops
of up to 20,000 ce by a pondermotive meth
magrnetic field displayed agsymmetric hyste
cycles, The thermal remanence was remove
order ¢f 10,000 oe. This is indicative o
these orthoferrites. 4 partial substitut
Fe’* ions was performed in polycrystallin
sharp diminution of both coercive force a
was observed along with a steep rise of m
explained by & prevailing diminution of %
hand, the growth of magnetization is poss
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difference in the magnetization of the two sublattices of Fe3+ ions, when

they are partly replaced by nonmagnetic A3+ ions. However, the Curie

point is lowered in every case. Compositions in which Fe3* ions were

partly replaced by magnetic Cr>+ ions were examined. As compared with
stoichiometric compositions, the coercive force diminishes sharply in La -
and Pr orthoferrites, when Cr3* ions are introduced. As expected, and '
unlike A13+ ions, Cr3+ ions do not change magnetization very much. The

Debye diagrams taken by A. 4. Katsnel'son and K. Yatskul'yan showed that

all the examined compositions are golid solutions without any foreign

phase. Ye. A. Turov is thanked for his help and for having discussed the
results obtained. V. A, Naysh (Fizika metallov i metallovedeniye, 9, 10

(1960); 11, 161 (1960)) is mentioned. There are 5 figures and 6 refer-

ences: 2 Soviet and 4 non-Soviet. The three references to English-

language publications read as follows: Bozorth, R. M., Phys. Rev.

Letters, 1, 362 (1958); Gilleo, M. A., J. Chem. Phys. 24, 1239 (1956);
Watanabe, H., J. Phys. Soc. Japan, 14, 511 (1959),

Card 3{%
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| AUTHORS: - 'Belov, K. P., and Zalesskiy, A. V.

TITLE: Variation of resistivity on magnetization and the magnetic
' anisotropy of Manej-x°4 ferrite single crystals

PERIODICAL:  Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya,
v. 25, no. 12, 1961, 1434-1436 ,

TEXT: The anisotropy oconstant K1 of s0lid solutions of magnetite and
' manganese ferrite (ManBB—xo4) 1s positive only in the range 0.6<x< 0.8

at room temperature. This can be attributed to the change in ion
distribution on transition from the inverted spinel (magnetite) to the
- normal one (manganese ferrite), The magnetite has the magnetostriction

constants 2, = -19-10'6

100 and 9\,1” = 81*10'6, and the manganese ferrite

-6 -6
Mn0.98Fe1.8604 has the constants Moo *=14°10 ~ and 2111 = -1:10 ~, On

transition from the manganese ferrite to the magnetite, the magneto-

Card 1/4
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striction along the [111] axis changes its sign. According to A. Braginskiy
(Chekhosl, fiz., zh., 9, no. 6, 755 (1959)), this change is observable in

the range 1.00€x €1,06. The anisotropy in the variation of resistivity

of magnetite on magnetization is charaqterized by the constants »//

.h100 = 13"10'4 and h111 - -6°10-4; in the case of manganese ferrite with

X = 1.12, these constants areih1oo = 4.25°10-3 and h111 = 0u9»10—}. For

this reason, a change in sign is also to be expected for the longitudinal
galvanomagnetic effect along the [111] axis. Results of measurements of
the temperature dependence of the constant K1 from room temperature

upward; as well as of the dependence of the constant of the galvanomagnetic °
effect on the composition at room temperature are presented. The single
crystals were grown (Verneuil method) by A. A. Popova at the Institut
kristallografil AN SSSR (Institute of Crystallography AS USSR), who also
carried out the chemical analyses. The specimens were thick disks, ground
along a certain crystallographic plane., The sharp dependence of the
constant K1 on the composition around the isotropic point entails high

sensitivity of this quantity to inhomogeneities and other crystal defects.
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The longitudinal galvanomagnetic effect was positive in the _[100] direction

for all compositions, but a change in sign occurred in the ‘_11*.] direction

at such compositions at which the magnetic anisotropy constant exhibits a

dip. A definite relationship between magnetostriction and the variation - 5
in resistivity on magnetization can be observed. 1111 changes its sign

opposite to h111; l‘IOOV however, remains always negative. In the range
0.874 x {1.55, the constant K1 is negative at all temperatiures and

‘decreases continuously with rising temperature. In the range 0.69¢x<0.85,
K1 is positive at room temperature., At higher temperatures, it first

increases somewhat and then decreases almost linearly. In the range
0.43¢ x<0.69, K1 is negative at room temperature. At higher temperatures,

a chaﬁge in sign occurs. If x decreases from 0.69 to 0.43, the isotropic
point is shifted to higher temperatures and the positive component of the
anisotropy constant becomes smaller. The constants h zauuth,‘11 decrease

100
linearly with temperature and remain unchanged at those temperatures at
which the sign of K1 changes. 4. A, Popova is thanked for preparation and

Card 3/4 c : {
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9 references: '3 Soviet-bloc and 6 non-Soviet-bloc. The four most recent
references to English-language publications read as follows: Smit, J., -
Wijn, H. P, J., Ferrites. Eindhoven, 1959; Penoyer, R. F., Shafer, M. Y.,

J. Appl. Phys., suppl., 30, no. 4, 315 (1959); Bozorth, R, M., Tilden,E, F.,
Williams, A. J., Phys. Rev., 99, no. 6, 1788 (1955); Yager, W. A,

Galt, J. K., Merrit, R. F., Phys, Rev., 99, 1203 (1955§

chemical analysis of the ferrite single‘ orystals. There are 2 figui'es and /

ASSOCIATION: Institut kristallografii Akademii nauk SSSR (Institute of
Crystallography of the Academy of. Sciences USSR)
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AUTHOR: Belov, K. P., Professor

TITLE: Physics of new ferromagnetic substances

PERIODIOAL& ‘&ademiya'. nauk §88R, ,Vestnik,:‘g\‘no. 5; 1961, 33 - 38 .

TEXT: The author gives a general survey of research work in the field
‘of physics of ferro- and antiferromagnetisms 1) study of the magnetic
- properties of new types of ferro and antiferromagnetic substances. In
the periodic system of elements ferromagnetism is exhibited by the rare-
earth metals Gd, Dy, Er, Tb, Eo and Tu, on certain conditions also by
¥n and Cr and by Fe, Ni, and Co. 2) Study of the struocture and the
magnetic properties of ferrites. Science and engineering require the
study of the structure and the magnetic properties of various oxide metal
compounds (Fe, Ni, Co, Mn, Cr) and of a group of rare-earth metals, .
Also the study of ferrites of complex composition and structure is neces-
sary. 3) Study of ferromagnetie resonance and magnetooptical phenomena
in ferrites, The study of the behavior of ferrites in variable nagnetio
 fields is considered useful. Also the extension of the frequency range
for th; study. of magnetio phenomena in ferrites is of importance,
Card 1/2
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- ‘4) Electric and galvanomagnetic properti.s and phenomena connected with
electron diffusion in ferromagnetic semiconductors. The explanation of
the effect of ferro~ and antiferromagnetism on the electricity carriers
is an urgent problem. 5) Magnatic properties of thin ferromagnetic foils
and powder. The study of the domain struoture and its effect on the
proocesses of magnetizing and magnetic reversal in similar materials is
especially emphasized, Magnetic materials consisting of a conglomerate
of fine, ferromagnetic particles exhibit an extraordinarily high coercive
force. A stirong magnetio .energy and low losses to eddy~currents permit
the application of these magnets in apparatus of high-frequenoy engi-
neering., Ferromagnetic materials and magnetic phenomena are of a great
importance to modern engineering. At present, a certain decrease of the
volume and the speed of the studies of ferromagnetism can be observed
in the USSR, although the problem of ferromagnetic materials is regarded
as being of great importance,.
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AUTHOR: Belov, K. P., Professor

TITLE: . Studies of ferro- and antiferromagnetism

/
PERIODICAL: Akademiya nauk SSSR. Vestnik,?;\ no., 9, 1961, 123-124

TEXT: An'All-Union Conference on ferro- and antiferromagnetism was held
in Leningrad on May 5-11, 1961, It was attended by members of academic
institutions, schools of higher education, and branch research institutes
. of ‘Moscow, Leningrad, Sverdlovsk, Krasnoyarsk, Khar'kov, Minsk, Gortkiy,
Riga, ete. Over 150 reports were made on studies of the properties of
ferromagnetic metals, alloys, ferrites, and antiferromagnetics. :
Characteristics of the electronic structure of transition metals were
discussed in connection with their magnetic properties. Another subject
was the application of models of collectivated and localized electrons
, %o ferro~ and antiferromagnetism, as well as the application of different
types of electron interasctions (direct and indirect exchange)., The so-
~oalled Green function method has been introduced to solve problems of the
: quantum ‘theory of ferro- and ax‘:t:{.ferromagnetiam. Part of the theoretical
Card 1/3 .
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Btudies of ferro- and antiferromagnetism B105/B101

reports concerned the spin-wave theory, the complicated character of the
8pin system - lattioce interaction, the application of thermodynamic and
quasiolassical methods to the investigation of so-called non-collinear
spin structures. Experimental studies of the properties of ferro- and
. antiferromagnetics are olassiffed as follows: (1) Clarifying the physical
- nature of ferro-, ferri-, and antiferromagnetic states of the material
conoerned, Weak ferromagnetism arises in CuSO‘4 and t':oSO4 single crystals

due to the aotion of a magnetio field. High magnetic anisotropy was
‘observed in single crystals of orthoferrites of rare-earth metals {La, Pr,
Nd, Sm, BEu, Ib, etc)., Coercive fields in them attained values up to
20,000 oe. The alloy Mn.m2 and the rare-earth metals Dy, Tb, Ho, Ery, Tm

(and, probably, Gd) possess a heliocal spin structure. The effect of the
magnetic sublattice structure of ferritec upon their physical properties
was discussed. Reports were made on the electriocal and galvanomagnetic
properties of ferrites and entiferromagnetics. A report by the Institut
. poluprovodnikov Akademii neuk SSSR (Institute of Semiconductors of the
Academy of Sciences USSR) dealt with the synthesis of substances
constituting ferromagnetios and ferroelectrics at the same time. (2)

-Card 2/3
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Processes of technical magnetization of ferro- and ferrimagnetics, and
their domain structure, ?3) Phenomena of ferro- and antiferromagnetic
resonance, relaxation processes, and magnetic spectra in ferrites. The
effect of various factors upon the broadening of the ferromagnetic
resonance line both in ferrite single crystals and in ferrite poly-
crystals was discussed. The fizicheskiy fakul!'tet Moskovskogo

universiteta (Physics Division of Mosoow University) has been engaged
with the theoretical calculation of the resonance precession of
magnetization intensity in an inhomogeneous megnetic field teking the
energy of magnetic crystal anisotropy into account. The ferromagnetic
regonance in yttrium and manganic ferrite single orystals was studied at

. high power levels. A report concerned the development of new
experimental methods of studying the magnetio properties of ferro- and
antiferromagnetics. :
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AUTHOR: Belov, K. P,

6 /61 Jo40/00 ,
[0(55—, Hb'é', b o g{gg 32(1)1/040/002/04 /047

——

TITLE: ' Causes of the anomalcus brosdmig of the lines of the ferromag-
netic resonance absorption in ferrites near the Curie point

| PERIODICAL:  Zhurnal eksperimentalfnoy i teoreticheskoy fiziki, v. 40, no. 2,
_ ' 1961, T711-713

TEXT: When measuring the temperature dependence of ferromagnetic resonance
in ferrites, one observes both in single- and polycrystals an anomalous width
of resonance absorption lines near the Curie point. This effect has been
ascribed by several authors to the effect of thermal fluctuations of sponta-
neous magnetization, which are known to attain a meximum at the Curie point.
In. the present "L.tter to the Editor" the author, however, bases upon an
analysis of experimental data to show that the thermal fluctuations of spon-
taneous magnetization cannot be the princiial reason for the marked broadming
of the lines near the Curie point, and that the effect of structural factors:
must be regarded as such cause. The following reasons are given to substan-
tiate this statement: 1) If the thermal fluctuations of spontaneous mag-
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netization were to descrits guantitatively the temperature depend_énce of the
line width AH(T) near the Curie point, the curve AH(T) would have to exhibit
an analogous course as the curve}&JT) (temperature depsndence of the sus-

ceptibility of the para-process). This, howsaver, does not occur., While
n(‘r) has & maximum at ©, OH grows continuously, and also the region of the

maximum growth of AH is found at T)O. It may be inferred therefrom that the
fluctuations of spontanecus magnetization bear only little on the effect of
the line broadening near . 2) A more important cause of the broadening
seems to be presented by the structural inhomogeneities of ferrites; these
in their turn lead to inhomogeneities of spontaneous magnetization (volume
fluctuations of spontaneous magnetization). Such inhomogeneities may be re-
presented by: disordered magnetic-ion distribution, atomic vacancies, dis-
locations, et al. Spontaneous magnetization near 6 is very sensitive toward
such inhomogeneities. They ere also the cause of the fact that near 9 fer-
rites exhibit a growth of the coercive force Hy. The volume fluctuations of
spontaneous magnetization lead to a spread of the resonance frequencies,
which beccmes manifest in a broadening of the resonance lines, 3) In con-
nection with the anomaslous line width near © also the anomalous line width
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hear the point of compensation of the magnetic sublatticesis of interest.

. Besides a growth of AH in the region of the compensation point, ferrites
(like gadolinium-ferrite-garnet and lithium—»ferrite-chromite) also exhibit
an anomalous growth of H_. (Here, the constant of magnetic anisotropy does

-not grow, but, on the con%rary, drops a little). The growth of LAH and Hy

~is here likewise explained by the magnetic heterogeneous structure of the
ferrites, which appears near the compensation point. Almost no thermal

- fluctuations occur near this point. 4) What has been said of the causes of
anomalous broadening near © in ferrites can be also extended to metallic fer .
romagnetics. Many of them also exhibit an ancmalous broadening of the re-
sonance absorption lines near 0. V. N. Lazukin and A. I. Pilt'shchikov are
thanked for their discussions. @G. V. Skrotskiy and L. V. Kurbatov are .
mentioned. There are 1 figure and 11 references; 5 Soviet~bloc and 6 non-
Soviet-bloc. The two most recent references to English-language publications
read as follows: W. de Gennes, C. Kittel, A. Portis, Phys. Rev. 116, 323,

1959; B. Calhoun, J. Overmeyer, W. Smith, Phys. Rev. 107, 993, 1957.
ASSOCIATION: Moskovskiy gosudarstvennyy universitet (Moscow State University)

SUBMITTED: December 8, 1960
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Q47700 (147, 158, Med) | B102/5202
AUTHORS:  Belov, K.P., Goryagas, A.N., Ling Chang-ta -
TITLEs . Galvanomagnetic propertieé_of lichium ferrite chromite -

PERIODICALs Zhurnal eksperimentaltnoy i teoreticheskcy fiziki,
" ‘ Ve 40, no, 3, 1961, 752 ~ 755
TEXTt The study of ferrites having a compensation point Qc (temperature

at which the magnetic moments of the sublattices compensate each other)

is of great importance to the theory of ferromagnetism, In a previous

paper (ZhETF, 38, 1914, 1960), the authors already pointed out that

Liz :)'2.5}3‘0202-2.-5(!:'203 shows an extraordinary longitudinal galvanomagnetinx

effect (near 00 the sign of this effeoct changes from - to +)s The su-

thors describe the studies of the even galvanomagnetic effects (longitu-
dinal and transverse) in ceramic Li,042.7 Fe,0,°2.3 cr203 (4). (&) was

first heated on air for 4 hours at 100000, subsequently it was aintered
at 1200°C for three hours (on air), and then slowly cocled down. The gal-

Card 1/ %
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vanomagnetic effect was measured in a solenoid (up to 2000 oe) and bete
ween the poles of an electromagnet (up to 12,000 oe); the effect :
(r -LSH/R§ wag determined by comparison with the standard rasistors. ~
Magnetization I was determined in a solencid by & ballistic method. =
and I were measured in the range of from room temperature to 300°C. The
temperature was measured by means of a copper-constantan thermocouple

: which was oonnected to a highly resistive potentiometer of the type :

! ANTS-1 (PPTV-1). The results are wraphically illustrated, Fig., 1 shows -

the galvanomagnetic effects r; +nd r, as well as I as temperature func-
tions at H = 1550 oe and H « 1660 .0e, respectively., The compensation
point (incomplete compensation occurs) was at 98°C, Figs, 2 and 3 illu-
strate r,(t) and r (t) at high field strengths. : The anomalies which be=-
come manifest in these curves can be explained by assuming thst the sub-
lattices of the ferrite concerned have "own" galvanomagnetic properties
with different character. According to E.W. Gorter (Philips Res. Re-
ports, 9, 295, 1954) (A) has two sublattices, the first one being formed
mainly from Fe, Cr, and Li ions which occur in octshedral sites, the se- ,
cond one by Fe and Li ions in octahedral sites. Below Oo the ootahedral ‘
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) ,';f}nﬂhows ‘normal 'galvanomagnefic Properties,
Ty and r, showed the following:

“tive., In the range T 9, T, beco
» "coinoide with 9,

_.:Eégiéiattiog ie.réé:ﬁonéibl_e of anomalies,

The simple ferrite L;zo-spszosg
A .comparison of the effects
With T»(‘Oc, _:ri>)_ T;» and both are nega-
mes positive, the point Ty = 0 need not:
“In the range of the Curie point,

the negative maxi- _
paraprocess. is somewhat greater for r;. than
e between r; and .

+ The experimental re- :

‘ es exist with differ,e’n't tempereture dew
""" pendence of spontaneous magnetisation, There are 5 figures and 3 re-
.- ferences: 2 Soviet-bloc and 1 non-Soviet .

R S,

_b].Oc‘ o l . ;{

.“A“SSO.CIATION: Moskovekiy gos‘qdéfﬁtve uhiversitet:-' -
e _ . (Moe’cov_f'State’University ' o 2

“oe SUBMITIEDS  ootober 11, 1960 | 5
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AUTHOKS : Belovy Ko Poy Levitin, ReZ.; Nikitin, S. A., Ped'ko, A. V,

TITLE: The magnetic and magneto-elastigc properties of dysprosium
' and gadolinjunm

PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 40,
. no. 6, 1961, 1562 ~ 1569

TEXT: The interest that is being recently taken in the study of the
magnetic properties of rare earths and their allays is due to the follow-
ing two causes: a)} In some rare earth metals (Dy. Ho, Er, To, Tu) there
occur complicated magnetic transformations from ferro magnetioc 10 anti-
. ferromagnetic and then to.the paramagnatic; b) In some rars earths there
are uncompensated electron spins in s shell which is screened by outer
58 and 5p electrons, For this reason the direct exchange interaction be-
tween the 4f electrons is very difficult or even impossibie, The authors
have carried out measurements with the greatest possible accuracy on magnet-
ization, magnetostriction A, elastic modulus E, and the inner friction
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The magnetic and magnet -slastic proper- . B102/B B214
ties of ...

' Q'1 of Dy and Gd and obtained them as functions of temperature. The pre-

gent paper ‘is concerned with the results of these experiments, The meaS-
urements were carried near the points G and 92 and in the region between

them (9 is the. temperature of the ferromngnetie - antiferromagnetic tran-

sition, and 92 that of the antiferromagnetic paramagnetic transition),

The results of the investigations are represented graphically., For Dy, 91

was found to be 88°K and 02 175°K; The character of the anomalies of E

and Q-1 for Dy at 62 is the same as in'the'antiferromagnetic Cr 3, i. e.

92 is the Neel point. The behavxor near 9 is entirely differents The
magnetic field has a strong effect on the Young's modulus E (A E effect)

" a8 well as on Q s the changes of these quantities being irreversible,
H

gard 2 /Q’
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ties of .., o :

- This means hystereses. These are shown for AE and Q"1 for 85° K in PFigs,
2 and 3. All this signifies that @, is not a phese transition point of the
second kind, and is in no way related to structural transformations. Fig.
4 shows the temperature dependence of Dy which shows particular peculiari-
. ties near Q.. Firstly, the magnetostriction at this point is unusually
“high (10'3&% 155000 o0¢}, and secondly, it is anisotropic, Moreover, there
is for each temperature a critical value Hk' at which a sudden rise of A

begins, Gadolinium whose ferremagnetism was discovered early has always
been considered as a "normal" ferrcmagnetic, However, the authors have

discovered that in weak fields thers are anomalies in the temperature be-
 havior of magnetimtion (Fig. 6), coercive force H (Fig. 7), and residual

magnetization (Fig. 8). It may thus be concluded that a temperature
exists for Gd (similar to the 2;!7°C roint for Ni and the 294°C point for

Co) at which a temperature anomaly of ’1 and Hc exists., Contrary, howevsr,

‘o Ni and Co, Gd shows two singularities in the behavior of magnetio prop=-
erties near the Curie point (9329‘0050{{)0 The ocurvature of the curve show-

Card 3/1{ '
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The magnetic and magneto-elastic proper- B102/B214
ties of .., ;

ing the decrease of magnetization with temperature is very small and can
be deter—ined from the formula:(aé/qb)2°§(1wT/9)o For Ni and Fe §=6 - T3

for Gds €=1.17, Such a small g-value 1s characteristic of ferrite and

some alldys (cf. Table). The existence of anomalous behavior of Gd (as
compared to Ni and‘Fe) near @ is due to the presencs of an antiferromagnet-
ic ‘phase in this region of temperature, which, however, can be destroyed
by weak fields. The authors thank Professor Ye. M, Savitskiy, V. F.
Terekhova and 1. V, Burov for preparing the Gd sample and A, S. Borovik-
Romanov for discussions., There are 12 figures, 1 table, and 12 references:
4 Soviet-bloc and 8 non-Soviet-bloc. The most important references to
English-language publications read as followss J. Elliot et al. Phys. Rev.
94, 1143, 1954; D, Behrendt et al. Phys. Rev. 109, 1544, 1958,

ASSOCIATION: MoskovskiyAgosudarétvennyy universitet (Moscow State Univer-i
Sity ) ) )
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3:9} 13480 (/0‘5/ //lfz (o‘r) B125/B102

AUTHOR Belov, K. P,

TITLE: The nature of low-temperature magnetic anomalies in

- ferrites possessing ocompensation points Vg

" PERIODICALs  Zhurnal 'eksporimental'noy 1 teoreticheskoy fiziki, v. 41,
| no, 3(9), 1961, 692 « 695

TEXT: The author shows that, at liquid-nitrogen and liquid-helium temper-
atures, a oritical point occurs in the temperature dependences of the

magnetic and non-magnetic properties (magnetie susveptibility, magnet-
ostriction, coercive force, electric resistivity) of rare-earth ferrite
garnets and of lithium ohromite ferrite. The compensation point of

3 c;(1205.5Fe203 ferrite is studied. To find the "’B(T> curve of the iron-

sublattice, it is necessary to eliminate the magnatic effect of the
- gadolinium sublattiqe, .0, all ,Gd_3+ ions must be replaced by non-magnetic
ions (e. g.:’x'3+ or Lu5+). The resulting ferrites 3’!203.5&’3203 or

Card 1/§)L
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The nature of low-temperaturess. B125/B102 Vg

31.\;203.5%203 show the normal Weise temperature depéndence of spontaneous

magnetization. Their magnetio long-range order is destroyed only at 560°K.
owing to0 the strong interaction in the iron sublattioce., The teuperature:
dependences of the spontaneous magnetization of the gaddliniumsublattice and
of some alloys (e. g, 30% Cu, 70% Ni) are not distinct. Probdably, this is
due to the fagot that the lgng-rsngo magnetioc order in the gaddinium sublattioce
“epends on the positive Gd + . Gd5+ oxchange interaction in the sublattice

0, and on the negative Gd.3+ - F03+ exohange interaction. The long-range

magnetio order undergoes a considerable change when the positive exchange

“interaction is "turned off" with rising temperaturs, but the negative

exchange interaction prevents its oomplete destruction. All these facts

lead to the oondition under which the ccmpensation point in ferrites is the

most probable to occur. In the ferrite, one of the sublattices must exhibit

a strong exchange interaotion, and the ourve éa(T) must consequently show -

a Weiss character. The exchange interaction in the second sublattice must
be "weak", The compensation point is found by subiracting curve 1 (with the
smaller magnetic moment at 0°K) from ourve 2 which corresponds to the sub=-

card 2/5

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7

.

28749
: , §/056/61/041/003/002/020
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lattice with the greater megnetic moment at 0°K (Fig.2). If the magnetio

el moment of the "weak" sublattice at 0°K is smaller than that of the "strong" ;7\
_8sublattice, G’B(T) of the ferrite will be anomal at low temperatures.,

Similar curves oan be observed in yttrium ferrite when part of the Y°' ions v

are substituted by,TB3+, Gcl3+ or other ions, Lithium chromite ferrite of
the composition Lio 5 F92 5_aCraO4 (for a = 1.25) for instance has two

antiferromggnetically interacting sublattices, the first containing
F33+,-'Cr3+ and Li't ions (octahedral sites), and the second containing Foot

and Li1+ ions'(tetrahedral‘sites); At low temperatures, the ferromaénetism
of the ferrite depends on the octahedral sublattice. According to L, Neel
(Ann. de Physique, 3y 137, 1948), the - ds(T) curve exhibiting the compen-

sation point can also be found from the '6BB(T) and - osA(T) curves of the

- octahedral and tetrahedral‘ sublattices, 'reapeotively, which exhibit Weiss
chqraptgr.. Ferr;teq'wiﬁp & compensation temperature must have a low=temper-
ature point which' corresponds to a considerable change of the magnetic

. - Card 3/5 °
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The mature of ll‘ow--temper_a'hure-.‘.. . Bi2s5/B102

long=rexge order in a sublattice with "weak" positive exchange interaction, ;f-\.
According to A. V. Ped'ko (ZhETF, 41, 3, 700), the anomaliss of the temper=
ature dependence of the susceptidility of the para.processes, of the
-magnetostriotion and of other phenomena are similar to the anomalies at the
Curie. point, . A, N, -Goryaga and Lin Chang-ta (ZhETF, 41, 3, 696) disousaed
anoﬁéliea,in the temperature dependence or‘spontaneous,magnetization, of the
coerciybﬁforce,lpf~magnefic.susceptibility, of the galvaro-magnetic effect,
and of the electric resistivity.,  There are 2 figures and 7 references:

4. Soviet and 4 non~Soviet, The two references to English-language
publications read as follows: E, Lee, R. Birss, Proc. Phys. Soc., 76, 411,
1960; E., W, Gorter. Phil, Res. Rep., 9, 295, 1954, '

ASSOCIATION: Mbhkovskiy gosudarstvennyy universitet (Moscow State
' University) - ’ ‘

SUBMITTED: April 6, 1961
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Ya. P., -and Malikova, 0. A.

The electricél conductivity of manganesse ferrite single

crystals

TITLE:
o tela, v« 4, no. 10 1962, 2829-2831 .

‘PEXT;. The temperature dependence of -the Hall emf, of the magnetization d,

and of the élpctrical'conductivity 1/¢ of manganese ferrite single cryg&als

was studied. The crystals were slightly out of the stoichiometric T

cqmposition,'either by a manganese or by an irxon excess. fhe Hall emf

B .= (ROH +'Rmd)j inoreases rapidly with an excess of Mn. The magnatic ua§1
rly with increasing' Q. The classical Hall gonstant

The electron concentration'calculated from it inoreases

cording to an expénéntial law.
d o decreases considerably with increasing

mobility calculated from Ro an
se ferrite with excess Mn. - In ferrite .

Card 1/2 | " oo .71}:'7
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. 3 B
LA 3

- T - 5/181/62/004/010/028/063

The electrigal conductivitylof... = - 'B108/B104 o

‘ o N RS _ ~on. R

. Wwith excess Fe it decreasessonly a litule. Thig shows that in the former

- case the phonons contribute most to the scatteri‘ns,of electrons (A.Miller,
Je Appl- Phyao, 31, no. 5, 261’ 1960)0 Thel‘e ai:e'srfigurBSO : A

ASSOCIA’I‘ION: Moskovski’;y goéu&afstve}xnyy univex'-s:itietv im. M. V. Lomonosova
"~ (Moscow State.pr‘liversity imeni M, V. Lomonosov) ' '

| SUBMITTED: - May 28, 1962 .

, l”" = . . o
st Lo -
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242200 T  E132/E160

AUTHORS : " Belov P,, Zaytseva, M.A., Kadomtseva, A.M.,
Kvitka, S.S., and Ovchinnikova, T.L.

TITLE: The magnetic properties and structures of certain

garnet systems

PERIODICAL: Kristallografiya, v.7, no.2, 1962, 242-246

TEXT : . .Garnet structures have been synthesized by the
substitution in yttrium iron garnets of Fe and Y ions by Mn, Ge
and Ti and their structures and magnetic properties have been
tudied. g _
studied In the garnet of composition Mno.sYz_sFe4.56e0'5012

an anomalous temperature dependence of the spontaneous
magnetisation has been observed at low temperatures {(of Neel's
type M). It is established that the garnet of composition
_MnY,Fe,GeO,, has a Curie point below .0 ©°Cc and that the curve of
‘ the temperature dependence of the spont
“asymptotically to zero.- The curves are expl
The cell size of the first-mentioned compoun

aneous magnetisation tends
ained.qualitatively.
d is 12.367 &, and
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RIS

. . : $/070/62/007/002/008/022
.The magnetic properties and StrUCtures"Eljz/El6o )

that of the second 12,.3%7 as compared with 12,387 for the pure
Y Fe garnet. In garnet there are three magnetic sub-lattices and
on Neel's model M the curve observed for the first composition
can be satisfactorily explained if the lattice having a weak
inherent exchange interaction takes .a different course from that
of the other (iron) sublattices, The Ti-containing garnets '
nno.5Y2.5Fe4.5T10_5012 and MnY Fe,Ti0,, were examined but showed . 421L
no anomalies except that the second compound had a "“tail" of
-residual magnetisation which persisted above the Curie point
(506 ©C) apparently connected with the appearance of another
phase (traces of Y2T120 .were observed in the X-ray powde~
7 A

- photograph).
There are & figures,
ASSOCIATION: Moskovskiy gosudarstvennyy universitet im.

M.V. Lomonosova .

(Moscow State University imeni M.V. Lomonosov)

_SUBMITTED:  June 27, 1961
card 2/2 ’ :
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$/126/62/013/001/001/018
E039/E535 :

AUTHORS:  Belov. K,P, and Nikitin, S.A.

TITLE: The galvanomagnétic properties of terbium, dysprosium ‘1f'
and holmium o

 ‘ PERIODICAL: Fizika metallov i metallovedeniye, v,13, no.l, 1962,
- o 43-48 0 L :

TEXT: Measurements of magnetic moment show that the rare
-earth metals have transition temperatures @, for antiferromagnetiz,&.i
paramagnetic and Q. for .ferromagnetic-antiferromagnetic. Hence,
the influence on electrical properties of the transition from a
state of non-ordered spin to an ordered one can be studiéed on - ' -
these metals. Values of @, and 62 » originally published by™ - !
S. Legvold, F. Spedding et al., are: - o

Table 2.

Elem‘entﬂ o . el' O
- 85
: 219
: 20 ..
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The galvanomaénetic properties .., 5/126/62/013/001/001/018
. ’ v ) ' E039/E535

Measurements of electrical and galvanomagnetic properties were
made on samples of Dy, Tb and Ho (0.4 x 1 x 9 mm and
0.4 x 2.2 x 20 um). Electrical resistance was measured over the
temperature range 60-300°K using a potenticmetric method, a E
constant current of 100 mA being passed through the sample. It is’
shown that there is a discontinuity in the resistance-temperature_
curves at (J,. The temperature dependence of the longitudinal and
transverse galvanomagnetic effect was measured for.Dy, Ho and Tb
for magnetic fields up to 15000 Oe and it is shown that the
galvanomagnetic effect passes through a marked negative maximum
near G,. In addition, in the case of Dy a second maximum is i
- observéd at Glh The transition temperatures 691 and GE for Th are :

very close together, 219 and 229°K, respectively, so that only one ‘-
maximum is obtained, Isotherms are plotted showing the change in
- longitudinal and transverse'galvnnomagnetic effact with intensity. : v
- of magnetic field for a number of temperatures, It is shown that
‘the temperature_dependence of the slope of the isotherm iSR/R[lH
, for Tb exhibits two maxima at 232°K and 224°K., This verifies the
. assumption that Tb possesses .weak antiferromagnetic properties
Card 2/3 S ' ‘
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¢i?,The éélvanomagnetlc propertles ces 87126/62/013/001/001/018Z'»
SRR S E039/E535
+tﬁgﬁétwe§n 224 and 232°K There are 9 figures.
. KSSQ&FATION:- Moskovskly gosudarstvennyy aniversitet imeni,

. M. V. Lomonosova . ' o
Ah(Moscow State Unlversity 1men1 M. V Lomonosov);“ S

WOl
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'i: sﬁsﬁijTED: f--May 31, 1961
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33999
' | $/056/62/042/001/014 /048
24,2200 (1147, 116Y, /sl(z) 13104/{102

AUTHORS: Belov, K. P., Ped'ko, A. V.
—_— T

TITLE: 'Helical" antiferromagnetism of gadolinium

PERIODICAL: - Zhurnal eksperimental'noy i teoreticheskoy fiziki, v. 42,
no. 1, 1962, 87-90 ‘ :

TEXT: The megnetic properties of polyerystalline toroidal specimens of
gadolinium in magnetic fields between O.28 and 2000 oe were investigated
between 100 and 300°K. At 210°K, the specific magnetization drops
sharply between 0.28 and 1.12 oe (Fig. 1). The curves have a normal
Weiss shape only in strong fields (500-2000 oe). The magnetization
isotherms between 9, = 210%K and the Curie point 0, = 290°K were examined,

Like the other rare-earth metals (Dy, Tb, Ho, Er, and M), gadolinium
exhibits two magnetic transitions at 91 and 92 and is antiferromagnetic

between these temperatures, Antiferromagnetism vanishes already in weak
fields. The magnetic properties in this temperature range can be
attributed to a helical spin structure. Such structures form when

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"
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33999 »
5/056/62/042/001/014/048
"Helical" antiferromagnetism of... B104/B102

the exchange interaction between the atoms of a layer of the basal plane

of the hexagonal Gd crystal is weak compared with the exchange interastion
between the atoms of contiguous layers. Application of magnetic fields

of 0-15 oe destroys this structure. There are 5 figures and 4 references: L*/
1 Soviet and 3 non-Soviet. The three references to English-language
publications read as follows: F. Spedding et al., Phys. Rev., 109, 1544,
19585 24, 1143, 19543 109, 1547, 1958; 112, 56, 1958; 100, 1595, 1955;

M, Wilkinson, W. Koehler, E. Wollan, A. Jable. J. Appl. Phys., 32, 48, 49,
1961 §Supp1.vto no, 3); U, Enz. J, Appl. Phys., 32, 22, 1961 (Suppl. to

no. 3). .

ASSOGIATION: Moskovskiy gosudarstvennyy universitet (Moscow State
University)

 SUBMITTED:  August 4, 1961

Fig. 1. Magnetization of Gd in weak and strong fields as a function of
temperature,

Card 2/;\
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s/055/52/642/b02/b16/b55
B102/B138

AUTHORS: _Belov, K. P., Nikitin, 8. A.
<~

TITLE: Effect of helicél'magnetic structure on the magnetoatrictiono
dysprosium :

PERIODICAL: Zhurnal eksperimental tnoy i teoreticheskoy fiziki, v. 42,
no. 2, 1962, 403-407

TEXT: - Dysprosium has two magnetic transformation temperatures: ¢ (85°K),
at which the heliocal magnetic structure arises and 0 (177°k), at which
- ferromagnetism of the basal planes vanishes, together with the helical
magnetic structure. The lower temperature range has been studied previously

(K. P. Belov et al. ZhETF, 40, 1562, 1961); it was found that below 045
where the Dy crystal is ferromagnetic, and also between 91 and 92, the -

considerable anisotropy of magnetostriction is due to spontaneoug
magnetostriction. In continuation of these studies the range 120-190°k
was here investigated. The magnetoatriction observed on approaching 8,
will be caused by other kinds of spontaneous magnetostriction. The
meagurements were made with polycrystalline specimens and in magnetic
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"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7

, 8/056/62/042/002/015 /055
Effect of helical magnetic ..., B102/B138

fields in which the magnetic moments remained in the basal planes during

magnetization. Magnetostriction was measured with a wire strain gage.

The isotherms of transverse (A,) and longitudinal (A,) magnetostriction L,/’/
L I I

between 0 and 15 koe were measured for several temperatures. It can be
seen that for fields below critical, %L is negative and x‘\positive. The

temperature dependences of ﬁl and A" differ in shape, and their positions

erit” This is due to the

fact that in this temperature range, besides magnetostriction corresponding
to rotation of magnetic moments in the basal plane layers, there also '
exists a magnetostriction concomitant with destruction of the helical
magnetic structure for H = Hcrit‘ Around 02 an intense paraprocess

depend on whether H is stronger or weaker than H

-magnetostriction arises which is caused by exchange forces between atoms

in adjacent basal planes. A. S. Borovik-Romanov is thanked for discussions.
There are 5 figures and 6 references: 2 Soviet and 4 non-Soviet. The four
references to English-language publications read as follows: D. Behrendt
et al. Phys, Rev. 109; 1544, 1958. M. Wilkinson et al. J. Appl. Phys. 32,
49, 1961; suppl. to 3. U. Enz. J. Appl. Phys. 32, 22, 1961, suppl. to 3.
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‘Flg.
- Fig.
Fig.

Figc

2.

4.

5.

1. Isotherm of Al _ : . | o |
FIsotherm of A“ ' : o , ' .
-Température dependence,of A” for 7500‘oe (1) and 15 koe (2) | A

Temperature dependence of A, for 7500 oe (1) and 15 koe (2)

B102

' : s/os//62/042/b02/b16/b55
.Effect of helical magnetic ... _

J. Baniuter et al. Phys. Rev. 94, 1140, 1954

VASSOCIA‘I‘ION Moakovskiy goaudarstvennyy univeraitet (Moscow State

University)

SUBMITTED: . September 14, 1961

APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7"



"APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000204510002-7

: 'ﬁELOV,:K. P., CHICHERNIKOV, V., I., and VOL'KENSHTEWN, N, V.,

= ,"'Ma‘g_'netic and‘e];eetfic_prope'x,'tiésl of rare eurth metels and their slloys."

report presented at the Conf. on New Trends in the Study and Applications’ of Rare
Ea.rth Metals, Moscow, 18-20 Ma:r 63
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BELOV, K. P., LEVITIN, R. S., NIKITIN, S. A., and PEDKD, A. V.,

y "Magnetoelastic Properties of..Rgfe Earth Ferromagnets"

report _presented‘at the"Symj:oéiﬁm on Ferroelectricity and Ferromagnetism,
Leningrad, 30 May-5 June 1963.° .
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BELOV, K.P., doktor fiz,-matem.nauk; SHUVALOV, L.A., kand.fiz,-matem,nauk

Symposium on ferromagnetism and ferroelectricity at Lemin
Vest. AN SSSR 33 no.9:82-84 S 1'63,

ad,
: , S . %:um 1619)
_(D:lelect_rigp) (Ferromagnetism) :
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SRS

KARASIK, Vledimir Romanovich; BF'OV, K.P., prof., red.; KOZLOV,

W i

V.D., red.; RYDNIK, V.I,, red.

[Physics and technology of strong magnetic fields] Fizika
1 tekhnika sil'nykh magnitnykh polei, Moskva, Nauka, 1964.
347 p. (MIRA 17:10)
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"ACCESSTON NR:  APLOMA7LY
T

s/mal/sh/qos/ml/olol/p_io? 5

_ ! Pas Iirex?bnoi.fa‘, V. I.; Zaytsdva,‘n.. A.; Kadomtseva, A. H."; '
-Katsnelison, Vi Yatskulfyak, K, N ' : : S
'TITLE: Magnetic an;i structural proparties of lanthanum orthoferrite during partiali -
r§p1acemant of Fa r ions by other tri_va;ent :lon'g B R :

f S ‘ o i '

SQYRCE: - Fizika tvdrdogo tela, v, 6, no.’l, 196); 101-107
‘TOPIC TAGS: - magnetic property, structural property, orthoferrite, lanthanum, - o
lanthanum orthoferrite, Fa 3+, Al 3+, Sci3*, Co 3%, thermoremansnt magnetization, - -
magnetization intensity, hysteresis loop, crysta; lattice T

ABSTRACT:  In thess studies the Fa®3 ion was replaced, in part, by A1*3, §¢*3, "3,

and Co'“, Themommnent.mxnotizaﬁgg of LaFeO3 cannot be reduced to zero even in. . °

a fleld of 20 000 oersteds, but 1f AL'3 fons replace some of the Fo'> ions (laFay g

» - introduced by orthorhombie distortion of the crystal lattice, thermo~”: i

; ag etization almost disappears, and the hysteresis loops become symmetris: i

These changes. may be explained by the finely dispersed character of the LT

The charge in magnetic properties on substitution of the indicated dong

t
:

R S e OO i e L R L SOOI I fiatnad e ety
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iis associated with’ change in de ' » .
gree of dispersion and with N
tortion of the J.atﬁice. Along with these changes, an increatgg :::h :ﬁ:;::::g 38- ’

magnetization intansity. y is e db
ions in the crystal’ lattice. Om.maszy ;t:‘j og\rdm;ms d diatrlbntion of A1*3
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. AquBSSION NRr . APAOSH061 T slovsfafonifoosf 061T/0619

“-1 | \UTHORS: Belav,.Ke Eaj.Tevitin, Re Z.; Malevekaya, L. A« Sckolov, Ve I
_\ﬁ'} VTI'.H‘E:‘ :Anomé.lies_ of Ig}ingfe moduJ.\iq hiri-a.rel égxf-»‘. for mmagnets .
| 50URCEs Pisika metallov i netallovedeniys; v+ 17, N0« 4 1964, 617=619

. TOPICATAGSx rare earth, ferrcmagnet, Young modulus, dysprosium, erbium, holnium, -
thulium, heliooidal_ferroma@atio structure, paramagnetism b i

- .l ABSTRACT: Rare earth ferromagneis (vy, Er, Ho, Tb, Tu, and possibly 6d) at certain
" | temperature intervals possess antiferromagnetic helicoidal structures. To investi=
gate the reasons for the formation of these structures, the Young's modulus was i
measured at various’ temperatures. A compound vibrator was used at a frequency of "3 -
150 kilocyoles/seo, and the temperature was changed continuously from 4.2 to T6K by
placing the speoimen in e massive copper vessel which could be cooled dom to a
. | temperature near that .of liquid helium. Further variation of temperature between '
178 and 300K was obtained by using liquid nitrogen and an eleotric heater. The P
!, | magnetization was measured by means of an osoillating magnetometer, The results g
showed three regions in whioch enomalous behavior of the Young's modulus could be = ! -
observeds 1) a region around which a trensition took place from antiferromagnetism

P ke
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L ACCESSION NRi AP4034061

to paremagnetism (here the valhe of the Young's modulus decreased); 2) a region
corresponding to a transition from ferromagnetism to antiferromsgnetism (here the -
Young's modulus fell significantly); 3) a reglon between thece two temparatures 1
which corresponded to the helicoidal antiferromagnetic structure (here the Young's : ' -
|modulus inoreased faster than in the pearamagnetic region as the temperature was - -
decreased). Orig. art. haat 2 figures. ' L : - ’
. }ASSOCIATIONs Moskovekiy gosundversitet im. M. V. Lomonosova (Moscow State
- |University) AR SO ' ,

| sumTTTEDs 130263 o RS X e Tl ENGhE

SUB CODE: 85, M{ . . . N REF SOV 004 o
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|ACCESSION NR: AP4023400 | o 8/0048/64/028/003/0519/0528 ]

s . YPITLE: Magnetoelastic properties of rare earth rerromagnetic mteriala [ﬁeport |-
-; Symposium on Ferromagnetism and Ferroelectricity ield in Leningrad 30 Hay to § Junel -

,mmon. Be1ov,x.p., Levitin JReZ.; Nikitin s. A.. Ped' ko AV,
l
* 18637 .

, SOURCE- AN SSSR. Izvestiya. Seriya ﬁzicheskaya, v.28, no.3, 1964, 519—528 : = .
;TOPIC TAGS: mgnetoatriction, rare. earf.h mgnotostriction, magnotoelnsticity, rare
earth magnetoelasticity, rare earth exchange aniaotropy, helical antiferromagnetisn o

ABSTRACT: The magnetostr:lction, the tcmperature dependence of the elastic moduli,
and the effect of hydrostatic pressure on the magnetization, are discusaed in some ‘
“detail for a number of rare earths, The experimental data for the discussion are :
taken from a number of sources, These magnetoelastic propertiecs are of interest be- .
“cause they involve a combination of exchange and magnetic interactions, and their f
i behavior may shed some light on the complex magnetic propertios of thoso matorials.
! In the range of temperatures and fields in which the materials are ferromagnetic,
"the map:etostriction constants of Dy and Th are. large » and the two constants (for
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0
:} ‘the same material) are of" opposite sign. The magnetostriction is due primarily to i
}rotation of the magnetic moment in the basal plane against magnetic anisotropy to--!
'ces. The magnetostrictive behavior of Gd is very complex and is not understood. In§
ithe range of temperatures and fields in which Dy exhibits helical ani tiferromagnetism
'1ts magnetostrictive behavior is complex. A simple theory of magnetosiriction is dew
-veloped, in which the magnetic anisotropy in the busal plane is neglected (presunab= .
‘1ly a reasonable approximation in the temperature range considered) and the exchange ' .
interactions between neighboring basal planes and between next-neighboring basal
. planes are assumed to be different linear functions of the strain in the hexagonal
-axis (i.e.; of the distance between the basal planes). This theory accounts quali~-
‘tatively for the complex behavior observed., Unlike the behavior of magnetostriction s
“in the iron group, the magnetostricvion of Dy and Tb is anisotrobpic even very close - :
,to the Curie point. This indicates that the exchange interaction in thése materials : X -
‘is anisotropic. The anisotropy of the exchange interaction is also indicated by the‘ -
fact that the ishear modulus of Dy has the same type of anomaly at the Curie point -
‘as has Young' 8 modulus. The rerromagnetic—nntiferromagnetic transition point of Dy .
‘18 shifted to lower temperatures by the application of hydrostatic pressure. The ’

.transition of bolycrystnllino Gd at 210°C behaves similarly. Atter a short thermo-é

N " » g.\ S e _ : S

fCard®B__ . T NS ASERRRERCRS £
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ACCESSION NR: AP4023400"

dynamic discussion it is concluded from this that the exchange interaction between .
“the basal planes (i.e., along the hexagonal axis) deponds sharply on distance. o
~:This, and other properties of the exchange interaction raevealed by magnetoelastic : )
behavior, 1s not ‘easy to understand on tha basis of current theories, according to - - N
. .which the exchange interaction in these materials is indirect, via the conduction .
-ielectrons and the 632 and 5p6 bands. Orig.art.has: 10 formulas and 6 figures. - ‘-

'xAssocIA'ron- )&oskovsk:ly gosudarstvenny®y universitet (Moscow State University) | . A —

sunurmm 00 o o DATE ACQ: 10Apré4 ENCL: 00

~sup CODE: P .- . . .. NRREF SOV 007 | o OTHER: 014 @
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BELOV, K.Ba; KADOMTSEVA, A.M.; LEVITIN, R.Z.

Magnetic susceptibility of orthoferrites of rare earth elements in
strong magnetic fields, Zhur, eksp, i teor, fiz, 47 no,2:439-443 Ag

Y64, (MIRA 17:10)
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_TITLEs Anomalies of Galvanomé.‘gxieﬁic' phenomena in _gadolinium
_ L
i SOURCE: Zhurnal eksperimental'noy i teoretxcheskoy fiziki, v. 47,~'f'
no. 3, 1964, 860-864

TORIC TAGS-” gadollnlum. galvan_éagnetxc.effect, magnetcresistance

To. obtaa.n more deta:.led data on the magnet_ic proper‘ies '
o aadolinlum e autho £
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'

erved-i 1 | poin 'ponding “to
Curie point-- self {~290K) and due. to. 1ntrinsic magnetizat:.on. and

»i the other;’ higher -and” hroader. ‘locdated “Soméwhat below the Curi

point (~230--250K) . A minimum of the negatlve galvanomagnetic ef—

5 , his 1~temparature.
Slﬁgle'cr}mtal gadolznium a sharp difference was observed in the

‘ character of the galvanomagnetic effect curves parallel and perpen-
dicular to the hexagonal axis, and this is interpreted as being die
to a helicoidal ferromagnetic structure. Orig. art. has: 5 Eigures,

§ASSQCIATION: . Maskovskiy"@'gnsudarstvenny*y waiversitet (Momcow State
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TILE: Anisotropy of the megnetic properties;of gadoliniup, near the Gurie point,)\
e - % v s

som«cx:‘;)8h Zhurnal cksperimental'noy i teoveticheskoy fiziki, v, U7, no. 6, 1964,

siinium, single cry

: stel, Curie potat

,3STRACT: To determine the influence of megnetic enisotropy on the magnetic -
phencmena occurring near the Curie points, the authors made detailed measurements -
af th~ magnetization eurves of.single-crystell fadelinium in the temperature in---.i i
cerva. 280--300K. The maansurements were made with a Domeniceli pendulum magneto-
meter by a null method in fields up to 15,000 e, on rods 5 mm long end 0.2 x O.L
.m in cross section, cut from singie-crystal gedolinium elong the a end ¢ axes.
The: temperature -dependence.of -the magnetic anlsotiropy was calculated from. the

<0k o Lza ki rve. The Curie point was determined {rom these experi
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was observeéd in the single-crystel gadolinium. it is noted in the conclusion _
that similar effecte should We obgerved to en even grester degree in single-
cryste.l ‘l‘b D:{, Ho, Er, s.nd 'ru, in uhich the uniaxisl anisotropy is very lerge,
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" ACCESSION RW:' AP40436* e S/bo56/64/047/O02/b439/b443 S

Be"’f&’ __ _K." p.. “Kadomtsava, A, M.r Levitin, R. Z.

v

- TITLE:  -Investigation: ‘of ‘{tha-magnetic susceptibility of orthofertites
- ! of rare eacth elements in strcmg magnetic fields ?_\
: 0

SOURCE: Zh. ekoper. i teor. fiz., vi-47, no. 8, 1964, 439-443

32 re-e& hfons to the Buscepti~

bility the a"thars measured the field dependance uf ¢ke ma.gnetiza-
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' single-crystal and polye}:yétalline samples were investigated in
.., pulsed fields up to.220 kQe. A ponderomotive measurement method
' was used. The tests show that the main contributior. to the sus-

.‘_-at‘:t:»_room-témpératgz: the -
arth element ions are barely acted _

for su single-cry
Zaycseva and T. L. Ovchinnikova for preparing the poly~"
crystalline orthoferrites and for a discussion of the resules, and
to ¥Yu., F. Popov for help with the measurements." Orig. art. has:

* 3 figures and 1 formula.
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s SRy 3 R5C0..
S8 < LaMisiFera0s, 4 — LaauGisast'eOs,
 DrFes 8~ NATeO; 7 — YbFcOn. K- GdFeOy -
—ThFe0y, - 10— ErFeQs, 21— DyFoQy, 42—~ .. .
S HoFeQy ~ <2 s
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" AUTHORS: Belov, K. P.; Levitin, R. Z., Nikitin, 8. A.

ahabalnt

"PYITLE: Ferromagnetism and antiferromagnetism of rare earth metals ‘

~ SOURCE: Uspekhi £izicheskikh nauk, V. 82, no. 3, 1964, 449-498

Ta
]I

" JOPIC TAGS: ferromagnet;sm, antiferromagnetism, rare earth metal,
o yttrium subgroup, iron group, exchange interaction, electron shell .
ABSTRACT. "In view of the recent discovery that the rare earth metals
! of the yttrium subgroup have ferromagnetic proPertles different from
. those of ferromagnets of the iron group, and in view of the large
amount of experimental data accumulated in recent years on these
magnetic properties and the interest in helicoidal antiferxromag-
netism, the author describes and interprets systematically this ma-
" terial. It is shown that the rare earth ferromagnets have a more
complicated magnetic behavior than those ©of the iron group. In view

~Cord. 1/3
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VACCESSION NR: AP4024574

| "

- of th;s, a sxmple application of the theories originally deveIOped
for. iron-group magnets cannot be directly.applied to rare~earth fer-
romagnets and may.lead to wrong results.  It.is concluded that the
theoxry of exchange and magneticainteractlpns in rare-earth ferromag-

. nets must be based on the fact that the mpgnetxc 4f-electrons of the

~latter lie deep in the electron shells. The mechanism for. the ex—
change interaction between the 4f electrons and the neighboring atous,

. which must of necessity be indirect, should be the subject of fur-
ther study. The lsection headings are: l, Magnetic properties of
rare-earth ferromagnets. 2. Neutron diffraction studies of the mag-

' netic structure of rave-earth ferromagents. 3. Study of the heli-

- coidal magnetic stxucture. 4. Nature of the magnetic phase transi-
tions in rare-eaxgh ferromagnets. 5. Ant ferromagnetism ‘of metals

"in the cerium suhgroup. 6. Magnetoelastic properties of rare earth
ferromagnets. 7. Electrical and galvanomagnetic properties of rare-
earth alloys.® Orig. art. has: 53 figures, 35 formulas, and 2 tables.
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PRI IIERISH

BELOV, K. P.

"On the magnetic properties of gadolinium torbium and their alloys with
yttrium."

report submitted for Intl Conf on Magnetism, Nottingham, UK, 6-13 Sep 6k.

Moscow State Univ.
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BELOV, Konst%tin Petrov,i%h; _BELYA;NCHIKOVA, Mariamma Alekaandpbvna;
’ ) Zinov'yevich; MIKITIN,

Sergey Aleksandrovich;
GUSEV, A.A., red. 7

[Rare-earth ferromagnetics and antiferromagnetics] Redk
zemel'nye ferroragnetiki i antifgr’romagnetiki. Moskva, /Nauka,

]

1965. 319 p. (MIRA 19:1)
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ABSTRACT: Continuing an esrlier study of the temperature dependence of the elecw
; tric resistivity of certain ferrites (ZhETF v. 38, 101k, 19060) with the special "
, aim of determining the nature of the anomelies in the region of the compensation |
i point, the authoras made & thorough study of the electric resistivity (o} of the :
, ferrite HiFe) ogVg 74,04, which bes & lover resictivity &nd & lowver activation enere
: 8y than the previcuely studied ferrites. The gample waz prepared by & ususl cersfie
i ic technology from the pure oxides K10, Feao s aad ?203 and annesaled {n vacuun st
1100C. The tsst recults bave shown that in The reglon of the temperature of come
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